A new cembrane diterpenoid was isolated from the Tahitian liverwort Jungermannia species, together with several known sesquiterpenoids, and labdane and verticillane diterpenoids. Two new labdane diterpenoids, and known labdane and clerodane diterpenoids were isolated from the Japanese Jungermannia infusca collected in the three different locations. Their structures were determined by use of NMR techniques.
Liverworts are abundant source of new carbon skeletons of natural sesqui-and diterpenoids, almost all of which are the enantiomers to those found in higher plants. Various types of bis-bibenzyls are the most characteristic compounds isolated from the liverworts. These unique components are used to evaluate their chemosystematics and possess various biological activity, such as antimicrobial, antifungal, muscle relaxing, antiobesity and antioxidant activity [1] [2] [3] . In our search for the isolation of novel compounds and their biological activity, we are continuing to study the secondary metabolites of liverworts. The southern hemispheric areas, including New Zealand and South America, are rich regions of many endemic liverworts [1] . We have already reported the isolation and structural determination of new terpenoids and aromatic compounds found in the Oceanian and Argentinian liverworts [2] [3] [4] [5] [6] . In this communication we report the isolation and structure elucidation of terpenoids from the Tahitian unidentified liverwort, Jungermannia species and the Japanese Jungermannia infusca collected in the different localities. The chemosystematics of the present Jungermannia species are also discussed.
A new cembrane diterpenoid named 12-jungercembrenol (1) has been isolated from the ether extract of the Tahitian Jungermannia species by chromatographic separation, together with (+)-T-cadinol (2) [7] , (+)--cadinol (3) [8] , (+)-T-muurolol (4) [9] , entspathulenol (5), (+)-4,10-aromadendranediol (6) [10] and entgermacra-4(15),5E,10(14)-trien-1β-ol (7) [11] .
Moreover, (13S)-hydroxy-8,14-labdadiene (8) [12] [13] [14] , entverticillol (9), ent-12-epi-verticillol (10) , ent-isoverticillenol (11) and ent-verticillanediol (12) [15] were isolated. Their physical and spectral data were identical with those of references data and/or authentic samples. In addition, the sesquiterpene hydrocarbons; -cadinene, 4(15),5,11-cadinatriene, -copaene and -gurjunene were confirmed by GC/MS analysis. methyl ( 1.16) and two olefinic protons (5.00, 5.02). The 13 C NMR spectrum (Table 1) 3) and a quaternary carbon ( 72.9) with a hydroxy group, together with five methyls and eight methylenes. The above spectral evidence was supported that compound 1 is monocyclic diterpenoid with a tertiary hydroxy group.
The
1 H-1 H COSY of 1 confirmed four partial segments as shown in figure 2 : A) -C=CH-CH 2 -, B) -CH 2 -CH 2 -, C) -C=CH-CH 2 -CH 2 -, and D) -CH 2 -CH 2 -CH 2 -. As seen in the HMBC spectrum ( Figure  2 ), the geminal methyl protons at  1.67 and 1.69 were correlated with two sp 2 olefinic carbons. The methylene proton (H-2) in segment A and the methylene proton (H-14) in segment B were correlated with the sp 2 olefinic carbon at  124.5 (C-1). The methylene proton (H-14) in segment B was also correlated with the methylene carbon (C-2) in segment A. The tertiary methyl proton (H-19) at  1.59 was correlated with a quaternary carbon (C-12) with a hydroxy group, the methylene carbon (C-13) in segment B and the methylene carbon (C-11) in segment D. The olefinic methyl proton (H-20) at  1.16 was correlated with the trisubstituted olefinic carbons at  124.6 and 134.9, and the methylene carbon (C-9) in segment D. The other olefinic methyl proton (H-18) at  1.54 was correlated with the trisubstituted olefinic carbons at 125.2 and 135.0, and the methylene carbon (C-5) in segment C. From the above spectral evidence, compound 1 was clarified to be cembrane diterpenoid with tertiary hydroxy group. In the NOESY spectrum of 1, NOE correlations were observed between: i) methyl proton at H-18 and H-2, H-5, ii) methyl proton at H-19 and H-6, H-9, iii) methyl proton at H-20 and H-11, H-13 and H-14, iv) H-3 and H-2, H-5 and H-14, v) H-7 and H-6, H-9. Thus, the geometry of  3,4 and  7,8 were clarified to be E configuration, respectively. In consequence, the structure of 12-jungercembrenol (1) was determined to be 12-hydroxycembrane-1(15),3E,7E-triene. However, the absolute configuration of the hydroxy group at C-12 remains to be confirmed.
A chromatographic separation of the Et 2 O extract of Japanese Jungermannia infusca (No. 1) collected in Oita pref. resulted in the isolation of a new labdane diterpenoid 13-hydroxy-8,14-labdadien-17-al (14) , and known cuparene-type sesquiterpene ketoalcohol, rosulantol (13) [16] , (+)-(9S*,13R*)-dihydroxylabda-8(17),14-diene (15) [17], 13-hydroxy-7-oxo-labda-8,14-diene (16) [18] , and ent-13-epi-sclareol (17) [19] . Their structures were determined by comparison of the spectral data of the isolated compounds with those of the references.
Compound 14 was confirmed to possess a hydroxy and carboxyl groups by the IR spectrum. The EIMS showed the molecular ion peak at m/z 304, and its HR-EIMS was clarified the molecular formula to be C 20 1) and DEPT spectra clarified the presence of a carbonyl carbon from aldehyde group at  193.7, the terminal vinyl carbons at  112.6 (t) and 144.2 (s), two sp 2 carbons from double bonds at  131.8 and 168.4, and a quaternary carbon bearing hydroxy group at  73.3, moreover four methyls, seven methylenes, one methine and two quaternary carbons. Since the 1 H and 13 C NMR spectra were similar to those of compounds 15 -17, the structure of 14 is a labdane diterpenoid. The analysis of 1 H-1 H COSY of 14 as shown in figure 4A confirmed three partial structures. Accordingly, the HMBC spectrum showed the correlations between  1.06 of methyl proton (H-20) and C-1, C-5, C-9 and C-10,  0.87 and 0.91 (H-19 and H-18) of methyl protons and C-3, C-4 and C-5. The methylene proton (H-7) at  2.07 and 2.39 was correlated with C-8 and C-9 from the olefinic quaternary carbon, and the other methylene proton (H-11) at  2.26 and 2.84 with C-9. In addition, the HMBC correlations were observed the aldehyde proton at  10.10 and C-8, the methyl proton at  1.32 (H-16) and C-12 and C-13, and the terminal vinyl protons at (H-14 and H-15) and C-13 from an oxygenated quaternary carbon. Furthermore, the stereochemistry of 14 without the tertiary hydroxy group on C-13 was clarified by NOESY spectrum as shown in figure 4B . Thus, the structure of 14 is 13-hydroxy-8,14-labdadien-17-al. Although compound 14 has been reported as a chemical derivative [20] , this is first report as a natural product. The absolute configuration of 14 and 15 have not yet been determined. Although the structure of 14 was deduced from the document [17] , the absolute structure of 14 may be the same as 16 and 17. Consequently, the structure of 18 was determined to be 8,13-dihydroxy-9(11),16-labdadiene. However, its absolute configuration remained to be clarified. Two known labdanes, (+)-iso-abienol (22) [22] and 13-epigomeraldehyde (23) [23, 24] , and two clerodane, infuscaic acid (24) [24] and clerod-3,13(16), 14-trien-17-ol (25) [22] have been isolated from the Et 2 O extract of Japanese J. infusca from Hiroshima pref.. Their structures were determined as known labdanes and clerodanes by comparison of their spectral data with those of authentic samples and reference data.
Additionally, the complete 13 C NMR assignments of 25 were carried out as the first time.
The isolation of several cembrane diterpenoids were reported in the Tahitian liverwort Chandonanthus species [1c, 25, 26] , however, the isolation of such diterpenoids is the first time in Jungermannia species. Ent-verticillane diterpenoids which are very rare diterpenoids in Nature, were found only in the Japanese liverwort, Jackiella javanica as the chemical maker of this liverwort [15] . Recently, the isolation of ent-verticillanes was reported from the Tahitian liverwort, Chandonanthus hirtellus by Komala et al. [27] . This is first report of the isolation of verticillane diterpenoids from the Jungermannia species.
We have reported that there are at least four chemotypes of J. infusca [13, 21, 24] , in which the following classes of compounds are included: (i) kaurane-type, (ii) clerodane-and labdane-type, (iii) cuparane-and labdane-type, and (iv) bis-bibenzyl-type. Since the present three J. infusca from Oita and Hiroshima prefectures contains clerodane-and labdane diterpenoids as the predominant components, they should be included in the second chemo-type.
Experimental

General:
1 H and 13 
GC-MS analysis:
The hydrocarbons were analyzed by GC-MS using an Agilent Technologies 6890N gas chromatograph coupled with a mass selective detector (Agilent Technologies 5973) on an HP-5MS capillary column. The analysis was performed in EI mode (70 eV) using helium at 1 mL/min. The injection temp. was set at 280˚C. The analysis was carried out with a temp. program starting from 50 ˚C with an initial 3 min hold to 250˚C, with a 5˚C/min heating rate and keeping the final temp. stable for 15 min. The mass range was set at m/z 40-500 with three scans. Co-injection of the extracts with C9-C25 hydrocarbons were performed under the same conditions. Mass Finder 2.3 program, NIST library and our own MS data file were used to identity sesquiterpene hydrocarbons.
Extraction and isolation:
The crude extract (3.5g) of Jungermannia species was chromatographed on silica gel (n-Hexane-EtOAc gradient) to divide into 9 fractions. Fr.4 was repeatedly chromatographed on Sephadex LH-20, silica gel and prep. HPLC to give ent-verticillol (9) (156.6 mg) and ent-12-epi-verticillol (10) (11.5 mg). 12-Jungercembrenol (1) (15.7 mg) was purified by the chromatography on Sephadex LH-20, silica gel and prep. HPLC (Unison UK-silica, n-Hexane-EtOAc 9:1) from Fr. (8) 1H, m H-2), 1.66 (1H, m, H-12), 1.54 (1H, m, H-2 ), 1.45 (1H, m, H-3), 1.35 (1H, m, H-6), 1.32 (3H, s, H-16 
